ABSTRACT-Fishes were collected from the rivers in and around the Iwokrama Forest during January-February and November-December 1997. Four hundred species of fish were recorded from forty families in ten orders. Many of these fishes are newly recorded from Guyana and several are thought to be endemic. The number of species recorded for the area is surprising given the low level of effort and suggests that this area may be particularly important from a fish diversity perspective. This paper focuses on species of particular interest from a management perspective including those considered economically important, rare or endangered. The paper is also the basis for developing fisheries management systems in the Iwokrama Forest and Rupununi Wetlands.
INTRODUCTION
Fish are key components of Amazonian rain forest ecosystems (Barthem and Goulding 1997; Goulding 1983; Goulding et al. 1995; LoweMcConnell 1995; Lundberg 2001) . They are linked to forests through nutrient flows into wetlands and by migrations of fish through inundated forest ecosystems. In addition, fish are often critical traditional food sources that define human-forest relationships (Robinson & Redford 1991) . Fish communities respond to changes in the physical and chemical characteristics of wetlands; in this context, human impacts through timber harvesting, road building, and mining can transform fish communities. Padoch et al. (1999) describe the effects of ''boom and bust'' natural resource economic cycles on varzéa (flooded forests) and express the need for forest management to include sustainable fishing, habitat conservation and management of long range fish migrations.
The aquatic systems within and around the Iwokrama Forest are key components of the Iwokrama Forest ecosystem. Local people have been long aware of the linkages between seasonal flooding and the feeding and spawning cycles of fishes in the Iwokrama Forest and Rupununi Wetlands (Forte et al. 1999 ). In addition, fishes are important resources for the indigenous communities of the North Rupununi (Forte, Janki et al. 1999 ) and several fishes (Arapaima gigas, Cichla ocellaris, and pimelodid catfishes) are sold commercially. These wetlands and their fish fauna are integral to deriving economic and social benefits from the Iwokrama Forest. Unfortunately, there have been few studies of the wetland resources in the Iwokrama Forest, or in Guyana as a whole (see Eigenmann 1912 , Hardman et al. 2002 Lowe-McConnell 1964 , 1967 , 1969 .
The Iwokrama Forest is drained by the Essequibo River and two smaller rivers, the Burro-Burro and Siparuni, that are briefly confluent before joining the Essequibo. It is bordered to the east by the Essequibo River and to the north and west by the Siparuni River. The Burro-Burro River runs through the central part of the Iwokrama Forest (Fig. 1) . Approximately, 1500 km 2 of the Iwokrama Forest drain directly to the Essequibo River, 1500 km 2 to the Burro-Burro and 900 km 2 to the Siparuni River (Hawkes & Wall 1993) .
In the vicinity of the Iwokrama Forest the Essequibo River has main channels 250-500 metres wide and is at most approximately 1 km wide. It is characterized north of Kurupukari Falls by extensive sand bars that are visible during low water. In several places throughout the Iwokrama Forest, it is crossed by volcanic dykes that form rapids. The Essequibo has a probable maximum depth of 40 m (Hawkes & Wall 1993) , and its banks are not high except where scouring has occurred (Hawkes & Wall 1993) . The Essequibo drainage is seasonally linked to the Amazon drainage when the flooded savannas form a continuous expanse of water between the tributaries of the Rio Branco and the Rupununi River. The Burro-Burro and Siparuni Rivers are much smaller rivers with maximal widths of 100 m and 150 m respectively. As in the Essequibo, rapids are formed where the rivers cross over volcanic dykes. Both the Burro-Burro and Siparuni rivers are steep-sided, deep rivers with few sandbars, and little exposed shoreline. The Essequibo River has far more sand and silt substrates than do either the Siparuni or Burro-Burro. The Burro-Burro River floods extensively into the forest during the rainy season.
Amazonian and other South American river systems are often categorized as white, black, or clear waters. Similarly, Carter (1934) describes the rivers of Guyana as either black water or white water. Black waters are acidic, with high carbon dioxide and low oxygen content. White waters are turbid, with low carbon dioxide, high silica, and low acidity. The rivers near the Iwokrama Forest do not neatly fall into these categories. The Essequibo has high sediment loads and can be considered a white water river along its borders with the Iwokrama Forest. This is partly due to the fact that the white water Rupununi River drains into the Essequibo just south of the Iwokrama Forest. Secchi disc visibility ranges from approximately 0.2-1.0 m in the main channels. Despite this, water colour and turbidity change seasonally and spatially, with the result that the river sometimes appears much like what is considered to be black water. For example, south of the confluence between the Rupununi and Essequibo rivers, the upper Essequibo is considerably darker than the lower Essequibo. Changes in the relative contributions from the different tributaries can substantially alter the waters of the Essequibo near the Iwokrama Forest. The Burro-Burro and Siparuni are predominantly black water rivers, with the Siparuni being slightly darker; however the transparency of these rivers is highly variable. All of the main rivers are fed by small third order creeks which are more readily defined either as black, white, or clear waters.
Mean annual rainfall at Kurupukari is approximately 3000 mm per year (Hawkes & Wall 1993) . Annai and Apoteri have recorded mean annual rainfall of 1600 mm and 1900 mm respectively (Hawkes & Wall 1993) . The Iwokrama Forest therefore has a rainfall gradient that decreases from north to south. Rains peak at both Kurupukari and Annai from May to September. However, in Annai there is generally only one rainy season-Kurupukari is affected by coastal weather patterns with a second shorter rainy season from December to January.
Essequibo River levels respond to seasonal patterns of rainfall over the whole Essequibo drainage of 50,000 km 2 . The Burro-Burro and Siparuni however, have more immediate responses to local rainfall and extreme rises are restricted to the lower reaches of these rivers. River levels in the Siparuni and Burro-Burro are almost certainly affected by both rainfall in their catchments and changes in the levels of the Essequibo River. Waters in the Essequibo generally rise from April, and recede from August to October. In total, an average water-level change of six-metres occurs on an annual basis. These changes undoubtedly effect the migration, spawning, and feeding behaviour of fish communities in the Essequibo and possibly even in the systems of the Rupununi (Lowe-McConnell 1995) and Amazon (Barthem & Goulding 1997) .
METHODS
Fishes were collected during two expeditions to the rivers in and around the Iwokrama Forest during January-February and November-December of 1997. During January-February, the Essequibo and Burro-Burro drainages were surveyed; in November-December the Essequibo, Burro-Burro, and Siparuni drainages were surveyed. In addition, data from earlier collections by the Royal Ontario Museum were used to develop a species list for the area.
Several survey methods were used (see Plate 1) and mostly included stationary and moving gill nets, seines, dip and hoop nets, hook and line, and chemo-fishing (Noxfish Fish Toxicant Liquid Emulsion-Rotenone). Hook and line were used extensively to record larger species. Rotenone was used for smaller species in the steep sided, deep sections of the Burro-Burro and Siparuni Rivers where seines proved ineffective.
Due to time constraints and difficulty of access, only 41 sites were surveyed in the Burro-Burro and Siparuni drainages, while 84 were surveyed in the Essequibo. Sampling was restricted to the lower order rivers and creeks.
Specimens from collections were deposited at the Centre for the Study of Biological Diversity, University of Guyana, and the Academy of Natural Sciences, Philadelphia. Specimens collected in 1990 by personnel of the Royal Ontario Museum and Youth Challenge International were deposited at the Royal Ontario Museum. Several species were not collected because they were too large or protected in Guyana. These were Brachyplatystoma vaillantii, Brachyplatystoma filamentosum, Zungaro zungaro, and Arapaima gigas.
The Abundance-based Coverage and Incidencebased Coverage Estimators of species richness from the computer programme EstimateS.5 (Colwell 1997) were used to estimate fish species richness for the areas surveyed.
RESULTS
Four hundred species of fish were recorded (Appendix 1) from forty families in ten orders. Many of these fishes are newly recorded for Guyana and several are thought to be endemic.
Twenty percent of the sites surveyed contained over 30 species, and three sites contained over 50 species. The majority of these species-rich sites were either small creeks or sand bars in the Essequibo River.
EstimateS.5 (Colwell 1997) was used to estimate fish species richness for the areas surveyed. The Abundance-based Coverage Estimator of species richness estimates that the surveyed area contains 462 species; the Incidence-based Coverage Estimator estimates 747 species. Figure 2 represents the accumulated number of species found in collection lots (a lot is a set of specimens of the same species collected at any one field site over a specific time period), and supports estimate calculations as the number of species continues to increase throughout. The step-wise pattern of species accumulation in Figure 2 suggests the appearance of new species communities in newly sampled habitats.
DISCUSSION

Why So Many Species?
Fish species richness is unusually high in the rivers near the Iwokrama Forest. This is especially apparent when compared with other much larger Amazonian drainages (Rio Negro: 450 species, (Goulding 1988) Madeira River: 398 species, (Revenga et al. 2000) ).
Two factors potentially cause this elevated diversity. The first factor is the wide range of habitats represented within the sampling area. This was suggested by Lowe-McConnell (1964) as a major cause of the high species richness in the Rupununi savannas. In the area, the large variety of habitats (flooded forests and savannas, rivers, creeks, ponds and oxbow lakes) can support a diverse assemblage of fishes. The second factor is that the Essequibo River is situated between three major ichthyofaunal regions: the Orinoco, eastern Guiana Shield, and Amazon. Flooding during the annual high water period enables an exchange in fish species between these three systems.
Distribution and Migration
The Siparuni, Burro-Burro and Essequibo Rivers are physically and chemically distinct, though variable, and many creeks have distinct origins. Water transparency is an important predictor of fish community structure in Orinoco floodplain lakes (Rodriguez & Lewis 1997) . In general, fish with sensory adaptations to low light such as Gymnotiformes and Siluriformes tend to be dominant in turbid lakes, whereas visually oriented fish such as Characiformes, Clupeiformes, and Perciformes tend to be dominant in transparent lakes. Similar patterns have been described in Amazonian systems (Lowe-McConnell 1995) and the Rupununi (Lowe-McConnell 1964) . Turbid waters in the rivers near the Iwokrama Forest were dominated by catfish-78 species of catfish were almost exclusively found in white waters as opposed to 18 species that were found most frequently in black and clear waters. Auchenipterids, pimelodids, loricariids, and doradids were regularly found in samples from white waters, while they were almost absent from black and clear waters. Seventy percent of the 63 species that were most frequently encoun- tered in black and clear waters were characoids or gymnotids.
As with Amazon and Orinoco fish communities, the key to understanding the Iwokrama Forest fish fauna is the migration, feeding, and spawning patterns that are controlled by seasonally changing water levels and availability of oxygen (Lowe-McConnell 1964 , 1995 see Table 1 ). Many of the fish species in the Iwokrama Forest undertake trophic dispersals and spawning migrations based on changes in water levels. These changes in water levels seasonally modify the available habitats in the area (Table 1) .
The majority of fishes in the Iwokrama Forest migrate in response to changing water levels. The dry season and the lower water levels have been described as a ''physiological winter'' for fish (LoweMcConnell 1967) . A general characteristic of lowland, low-nutrient forest waterways is that allochthonous fruit and leaves form the major food base. Food availability for fishes therefore increases in high water when flooded areas become accessible. To deal with this, fat reserves are built up during the rainy season in preparation for the dry season (Lowe-McConnell 1964) . Oxygen levels and available habitats also decrease substantially during the dry season. Some species migrate back to the larger ponds and main rivers to avoid these harsh conditions; despite this many fishes are trapped in drying ponds. Consequently, several species have adaptations, such as air breathing (Arapaima, Electrophorus) and terrestrial locomotion (e.g., Erythrinus, Hoplerythrinus, and Hoplosternum). These drying ponds, particularly in the savannas, are thought to be ecologically important as a food base for wild cats, birds and other scavengers (personal observation, Watkins).
Lowe-McConnell (1964) observed upstream migrations of several species towards spawning sites in the headwaters of small creeks, at the confluences of rivers and creeks, and in the flooded savannas. These migrations occur when waters rise at the beginning of the rainy season. Fishes begin returning from the flooded areas at the end of the rainy season as waters recede. Exact migration movements are currently unknown, but it is thought that fish travel from the main rivers in the dry season, to adjacent ponds and creeks in the wet season.
The Rupununi River and the surrounding savannas are likely to be vital for the healthy maintenance of fish populations in the nutrient poor Essequibo. It is likely that food availability in the flooded Rupununi savanna drives much of the spawning and feeding movements in the Essequibo. Flooding along the Essequibo is much less extensive than in the Rupununi savannas; thus fishes moving into the Rupununi during the high water periods, unlock a much greater resource than is available in the Essequibo.
Fisheries Management
Several species in the Iwokrama Forest have economic and social values. Certain species have been Goulding (1983) has argued that characoids and catfish play important roles in Amazonian flooded forests as fruit eaters and dispersers; and fish distributions could readily affect forest plant distributions, in particular palms and other key flooded forest species. Characoids tend to be seed predators because of their well developed teeth, whereas catfish tend to be good seed dispersers. In particular, characoid genera such as Myleus, Serrasalmus, Pygocentrus, Brycon, Leporinus and Triportheus may be important seed-eaters and dispersers. The Siluriformes like Phractocephalus, Oxydoras, Trachycorystes, Pimelodus, Pimelodella, and Zungaro are seed-dispersers in Amazonian waterways (Goulding 1983) and are likely to be so in the Iwokrama Forest. Clearly, gaining an understanding of the biology, in particular diet and seed-dispersal capacities, of these species in the Iwokrama Forest will help in making sound management decisions.
CONCLUSIONS
The Iwokrama Forest has a fish fauna of global significance. The high diversity and pristine condition of the ecosystem makes this area a refuge for large numbers of Amazonian fishes threatened elsewhere. Due to the long distance migrations of fish in the Burro-Burro, Siparuni and Essequibo River watersheds, management of fisheries in the Rupununi wetlands is likely to be important to the management of fisheries in the Iwokrama Forest. Clearly, fish migration, spawning, and feeding strategies are complex and may have far reaching terrestrial and aquatic ecosystem consequences. Successful management of the fisheries of the Iwokrama Forest will therefore require effort to understand migration, spawning and feeding. For example, the major fish harvest periods currently include the spawning runs and the periods when ponds are drying.
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